Description 



POWER MANAGEMENT SYSTEM 



Cross-Reference to Related Application 

This application claims the benefit of provisional patent 
application number 60/447,31 1, filed on February 14, 2003, the contents of which 
are incorporated herein by reference. 

Technical Field 

This invention relates generally to an integrated engine and 
transmission control system and, more particularly, to a power management 
system for providing overload protection of the integrated engine and 
transmission control system and associated vehicle. 

Background 

A power management system of a drawbar machine may be 
designed based on a maximum machine weight and an engine torque curve. 
Maximum rimpull for the drawbar machine may be slip limited or power limited. 
In a slip limited machine, the vehicle's tires or tracks will spin if the force 
required to pull an implement exceeds the maximum rimpull that a vehicle can 
produce based on its weight and coefficient of traction. In a power limited 
machine, the engine will shut off before the tires or tracks spin because each gear 
is designed for the maximum rimpull capable by the engine. 

An overload condition may occur in a slip-limited vehicle due to 
the effects of increased weight or weight transfer, for example, when a 
implement, such as a scraper or 3 -point mounted implement, produces a 
relatively high amount of weight transfer to the drawbar machine or when extra 



weight is added to the vehicle for additional ballast and/or for additional fixel 
tanks. When the weight is increased onto the drawbar machine, the slip limit is 
increased, therefore increasing the designed stress levels on structural 
components, such as cases and frames, and powertrain components, such as 
gears, bearings, and shafts. When these stress levels are raised, the life of the 
machine may be significantly reduced, leading to customer dissatisfaction, repair 
costs, lost time, lost revenue, high warranty costs for the manufacturer, and/or 
degradation of the manufacturer's reputation. 

Typically, an engine that is used in a drawbar machine is also used 
in other applications. Since these other applications have different requirements 
for the same engine, different lug curves may be certified for each application. 
With the advent of engine electronics, the same engine, in the same machine, can 
have different certified lug curves. 

Some conventional engines implement a de-rating strategy in 
lower gears to prevent overloading by sensing the transmission gear and setting 
the engine to a different certified lug curve based on the gear. Using multiple 
certified lug curves on a drawbar machine may cause abrupt changes in rimpull, 
for example, a rimpull hole. A rimpull hole refers to a decrease in rimpull when 
downshifting that may cause the engine to lug further than normal. In addition, 
some of the gears may not have enough protection from the engine due to the 
lack of certified curves. For example, on a 300 horsepower tractor, first gear 
protection may require the engine to be slip limited to 150 horsepower, but the 
lowest certified level may be 250 horsepower, leaving first gear at risk of 
overload failures. 

The power management system of the present invention may solve 
one or more of the problems set forth above. 

Summary of the Invention 

In accordance with one aspect of the invention, an exemplary 
power management system may include a power source configured to receive a 
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fuel supply and a transmission driveably engaged with the power source. A 
control system communicates with the power source and the transmission and is 
configured to determine a fuel supply limit associated with a desired speed of the 
power source. The fuel supply limit may be determined from a fuel curve 
associated with the machine. The control system is operative to modify at least a 
portion of the fuel curve based on a load condition of the power source. 
[09] In accordance with another aspect of the invention, a power 

management system for a machine may include a power source configured to 
receive a fuel supply and a transmission driveably engaged with the power 
source. A control system in communication with the power source and the 
transmission, the control system being configured to modify a fuel supply limit, 
the fuel supply limit being regulated based on rack position and a load condition 
of the power source. 

[10] In accordance with yet another aspect of the invention, a method 

for operating a power management system is provided. The method may include 
driving a transmission with a power source and modifying a fuel supply limit of 
fuel being supplied to the power source based on rack position and a load 
condition of the power source. 

[11] It is to be understood that both the foregoing general description 

and the following detailed description are exemplary and explanatory only and 
are not restrictive of the invention. 

Brief Description of the Drawings 

[12] FIG. 1 is a schematic illustration of an exemplary power 

management system in accordance with the present invention; 

[13] FIG. 2 is a flowchart illustrating an exemplary operation of a 

power management system in accordance with the present invention; and 

[14] FIG. 3 is a graph illustrating a modified engine torque curve in an 

exemplary power management system. 



Detailed Description 

Reference will now be made in detail to embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. 
Wherever possible, the same reference numbers will be used throughout the 
drawings to refer to the same or like parts. 

Referring to FIG. 1 , an exemplary embodiment of the present 
invention will be described. FIG. 1 is a schematic illustration of an exemplary 
power management system 100 for a work machine, such as an agricultural 
vehicle or a construction vehicle, including a work implement. The power 
management system 100 may be equipped with a power source 112 such as, for 
example, an engine, and a transmission 114, for example, a power-shift 
transmission, an automatic transmission, or the like. 

The transmission 114 may have neutral, a plurality of forward gear 
ratios, and one or more reverse gear ratios; however, it can readily be adapted to 
different transmission configurations, as would be apparent to one skilled in the 
art. The transmission 114 may include lower gears that are slip-limited and 
higher gears that are power-limited. In an exemplary 16-gear transmission, gears 
one through four may be slip-limited and gears five through sixteen may be 
power-limited. Alternatively, gears one through six may be slip-limited and 
gears seven through sixteen may be power-limited. It should be appreciated that 
other transmission configurations could be used. 

The transmission 114 may include a drive member 116, for 
example, a countershaft, connected to and driven by the engine 112. The output 
of the transmission 114 may be connected to and configured to rotatably drive a 
shaft 122. The shaft 122 may in turn be connected to and configured to drive a 
ground engaging wheel 126, thereby propelling the vehicle. In this manner, 
engine torque or power may be transmitted to the wheel 126 with a 
predetermined speed ratio. 



One skilled in the art would appreciate that the drive member 116 
may optionally be driven by the engine 112 through a torque converter (not 
shown) equipped with a lockup clutch (not shown). Alternatively, the drive 
member may be driven without a torque converter and through use of an 
electronic clutch. Any other known arrangement may be employed for the engine 
1 12 to drive the drive member 116 without departing from the scope of the 
exemplary embodiment. 

A control system 130 may include an engine and transmission 
controller 132 embodied in a single microprocessor. Numerous commercially 
available microprocessors can be adapted to perform the functions of the engine 
and transmission controller. It should be appreciated that engine and 
transmission controllers could readily be embodied in separate microprocessors 
adapted to communicate via a data link without departing from the scope of the 
exemplary embodiment. 

The controller 132 may be configured to receive inputs including a 
desired vehicle speed signal from, for example, a control lever mechanism 134, 
for example, an operator-controlled lever, and effect gear changes in the 
transmission 1 14 in response to the received signals and in accordance with a 
predetermined shifting strategy, as is known in the art. 

A gear selector (not shown) may be provided for indicating a 
desired transmission gear ratio and direction of travel. It should be appreciated 
that the gear selector can be embodied in any device or combination of devices 
capable of providing an electrical signal for indicating a desired gear ratio and 
direction of travel. For example, the gear selector can be in the form of movable 
lever having a neutral position and one or more forward gear positions and 
reverse gear positions. A sensor (not shown), such as a switch or potentiometer, 
may be adapted to sense the position of the gear selector and produce a desired 
gear signal responsive to the selector's position. The desired gear signal may be 
supplied to the controller 132. As vehicle speed increases or decreases, the 



controller 132 effects gear shifting in accordance with a preset shift map until the 
desired gear is reached. 

A gear sensor 141 may be provided for sensing the actual 
transmission gear ratio and producing a gear ratio signal. Optionally, the sensor 
141 may be in the form of a combination of switches, which produce a unique 
code for each transmission gear ratio as would be appreciated by one skilled in 
the art. The controller 132 may have an input adapted to receive the actual gear 
ratio signal. 

The controller 132 may be adapted to receive operating parameters 
including an operator desired speed signal and an actual engine speed signal, and 
to responsively regulate engine speed in a closed-loop control. For this purpose, 
the control system may include a pedal position sensor (not shown) adapted to 
produce an electrical signal responsive to the position of the vehicle's accelerator 
(not shown), for example, a pedal, a lever, or the like. Additionally, the control 
system may include an engine sensor 142 adapted to sense engine speed and 
produce an engine speed signal. Optionally, the engine speed sensor 142 may be 
in the form of a magnetic pick-up sensor adapted to produce a signal 
corresponding to the rotational speed of the engine 1 12. The sensor 142 may be 
capable of determining the speed, angular position, and direction of rotation of a 
rotatable shaft. 

The controller 132 may process the received signals to produce a 
fuel injection control signal for regulating the fuel delivery to the engine 1 12 in 
response to a difference between a desired engine speed signal and the actual 
engine speed signal and in accordance with engine control maps, for example, 
rail pressure maps, timing maps, torque limit maps, etc., as is known in the art. 

The injection control signal may be delivered to solenoid operated 
fuel injector units 144a-d associated with individual engine cylinders 145a-d 
(four shown for illustration purposes) of the engine 1 12. The duration of the 
injection control signal corresponds to the on-time of the solenoid, thereby 
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controlling the duration for which the injector 144a-d delivers fuel to an 
associated cylinder 145a-d during the combustion cycle. The solenoid operated 
fuel injectors may be hydraulically-actuated units, mechanically-actuated units, or 
any other units known in the art. 

[27] The delivery of fuel may be limited in accordance with a machine 

fuel limit curve. The machine fuel limit curve 300, illustrated in FIG. 3, may be 
applicable for all gears of the transmission 114 and through all operating speeds 
of the power source 1 12. The fuel supply limit may be represented as "rack 
position," as is known in the art. The machine fuel limit curve 300 is 
predetermined based on testing data and is generally optimized for desired 
machine performance. Since the engine 112 and the transmission 114 may be 
used in vehicles having different applications, each vehicle may have a different 
fuel limit curve based on its intended operation. 

[28] Referring now to FIG. 2, an operation 200 employing a power 

management system in accordance with certain aspects of the invention is 
explained. Control commences in step 205 when the controller 132 initiate 
determination of a fuel supply limit. Control continues to step 210. 

[29] In step 210, the controller 132 determines the transmission 

operating gear and the engine load. The transmission operating gear may be 
determined from the gear ratio of the transmission 114, which may be determined 
from the speed of the drive member 116 (i.e., into the transmission 114) and the 
speed of the shaft 122 (i.e., out of the transmission 1 14). Engine load may be 
determined by monitoring engine load based on rack position. The load may also 
be measured at the drawbar or three-point hitch of vehicles. Control continues to 
step 215. 

[30] Then, in step 215, the controller 132 determines whether the 

operating transmission gear is within a predetermined slip-limited range of the 
transmission 114. If, in step 220, it is determined that the operating transmission 
gear is within the slip-limited range, control continues to step 225. If, in step 



220, it is determined that the operating transmission gear is not within the slip- 
limited range, control skips to step 245. 

In step 225, the controller 132 determines whether an overload 
condition exists; that is, whether the engine load constitutes an overload 
condition. The overload condition may occur, for example, due to the effects of 
increased weight of or weight transfer to the machine. For example, an 
implement, such as a scraper or 3 -point mounted implement, may produce a 
relatively high amount of weight transfer to the drawbar machine, or extra weight 
may be added to the machine for additional ballast and/or for additional fuel 
tanks. If, in step 230, it is determined that an overload condition exists, control 
continues to step 235. If, in step 230, it is determined that an overload condition 
does not exist, control skips to step 245 . 

In step 230, the controller 132 determines a modification for the 
fuel supply limit (i.e., maximum rack position). The modification may be 
determined via a look-up table, an equation, interpolation from a graph, or the 
like. The modification may include a multiplication factor, for example, a 
percentage, that can be used to modify a fuel supply limit determinable from the 
machine fuel limit curve 300. The modification may modify the fuel limit based 
engine load, engine speed, rack position, and/or transmission operating gear. It 
should be appreciated that other engine operating conditions may be factored into 
the modification. Control then continues to step 240. 

Then, in step 240, the controller 132 determines a fuel supply limit 
from the machine fuel limit curve and the determined modification. For example, 
a fuel supply limit may first be determined from the machine fuel limit curve 300, 
for example, by interpolation, based on the speed of the power source 112. The 
fuel supply limit may then be multiplied by the previously determined 
modification to arrive a modified fuel supply limit. Control then proceeds to step 
250, where control is returned to the main program (not shown). 



In step 245, the controller 132 determines a fuel supply limit from 
the machine fuel limit curve 300 for conditions outside the slip-limited range 
and/or where an overload condition does not exist. Control then proceeds to step 
250, where control is returned to the main program (not shown). 

When control is returned to the main program, the amount of fuel 
being supplied to the engine 1 12 is limited by the fuel supply limit determined by 
the exemplary power management operation 200. It should be appreciated that 
the amount of fuel to be delivered to the engine 112 may also be limited by other 
factors such as, for example, a smoke rack limit to prevent emissions of black 
smoke that result from too rich of an air/fuel mixture. 

Optionally, the exemplary power management operation 200 may 
include a time delay for implementing a fuel supply limit based on an overload 
condition. In other words, the controller 132 may allow the overload condition to 
continue for a period of time to provide an operator with an opportunity to 
continue with unaltered vehicle performance while the operator works through a 
short period of difficulty. The period of delay may vary depending on the 
operation environment or other factors, For example, the delay period may be 
two seconds, five seconds, ten seconds, or the like. However, the controller 132 
will eventually implement the fuel supply limit based the an overload condition 
to prevent continuous operation of the machine under the overload condition. 

In another optional embodiment, the power management operation 
200 may include a smoothing algorithm to prevent rapid changes in the fuel 
supply limit. Since the power management operation 200 is being dynamically 
performed, for example, during each iteration of the control system 130, the fuel 
supply limits may be altered through smooth transitions. 

In yet another embodiment, the power management operation 200 
may include a time limit, after which the fuel supply limit may be further 
reduced. For example, if an operator encounters an overload condition and the 
power management system 100 effectuates a reduction in the fuel supply limit 
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according to the power management operation 200, but the operator continues to 
operate in the overload condition, the fuel supply limit may be further reduced in 
an attempt to encourage the operator to change to a more productive mode of 
operation. 

[39] The exemplary power management system 100 may optionally 

include a management center 150. The management center 150 may be disposed 
at a location of the machine proximate to the operator. The management center 
150 may include visual and/or audible indicators to notify the operator that the 
power management system is operating under an overload condition. Thus, the 
operator may more easily recognize overload conditions and change operation of 
the machine. Through the management center 150, the power management 
system 100 could be used as a training tool by indicating which modes of 
operation are efficient and productive. 

[40] The exemplary power management operation 200 may produce 

multiple fuel supply limit curves by modifying the machine fuel supply curve. 
For example, in a vehicle having a transmission that is slip-limited in gears one 
through three, FIG. 3 illustrates an exemplary machine fuel supply limit curve 
300 and exemplary modified fuel supply limit curves for third gear 302, second 
gear 304, and first gear 306. The fuel supply limit is indicated as rack position 
over a range of engine speeds. As shown, the fuel supply limit for third gear is 
only modified from the machine fuel supply limit over a portion of the engine 
speed range; that is, until the curves 300, 302 merge at point 308. 

Industrial Applicability 

[41] In operation, fuel is supplied to the power source 1 12 to generate 

power to drive an output shaft 116, which, in turn, drives a ground-engaging 
element 126 via a transmission 1 14. During normal operating conditions, the 
amount of fuel being supplied to the power source 112 may be limited based on 
various factors, for example, emissions limits, and the like. The fuel supply is 



also limited by a machine fuel supply curve designed to optimized vehicle 
performance, efficiency, emissions, and the like. 

During operation in lower gears of the transmission 114, the fuel 
supply limit may be lowered in the event of an overload condition to protect the 
machine components, for example, the driveline components, from excessive 
wear and premature failure. For example, in a 16-gear transmission, gears one 
through three may be slip-limited, rather than power-limited. Further, a gear may 
not be slip-limited throughout the full range of engine speeds. For example, third 
gear may only be limited through a portion of the range of engine speeds, while 
first and second gear may be slip-limited throughout the entire range of engine 
speeds. One skilled in the art would recognize that the range of slip-limited gears 
may vary in different vehicles. For example, the slip-limited range of gears may 
extend from first through sixth. 

If a transmission 1 14 is operating in a gear within the slip-limited 
range, the fuel supply limit may be lowered in the event of an overload condition. 
The overload condition may be determined from engine load, which may be 
determined by monitoring engine load based on rack position. If the transmission 
1 14 is operating in the slip-limited gear range and an overload condition exists, 
the fuel supply limit determined according to the machine fuel supply limit curve 
300 may be lowered according to the power management operation 200. If the 
transmission 1 14 is not operating in the slip-limited range or if no overload 
condition exists, the fuel limit continues to be determined in accordance with the 
machine fuel supply limit curve 300. 

When the fuel supply limit is lowered, a the supply of fuel may 
subsequently be limited causing a reduction in engine power. Since limiting the 
supply of fuel is similar to running at part load, no change in emission rates 
occurs. Further, the reduction in engine power may encourage a change to a 
more productive mode of operation. 
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A power management system in accordance with exemplary 
embodiments of the invention may reduce stress levels and frictional wear to 
driveline components. In addition, power management system may prevent 
operator abuse and reduce the effect of operator inexperience or other abnormal 
operating conditions. Thus, premature failure of the machine and/or its 
components maybe avoided, and the efficiency, productivity, and lifespan of the 
machine may be increased. Moreover, since limiting fueling via the modified 
fuel supply limit is similar to running the machine at "part load," the emission 
rates of the vehicle remain unchanged. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the disclosed power management 
system without departing from the scope or spirit of the invention. Other 
embodiments of the invention will be apparent to those skilled in the art from 
consideration of the specification and practice of the invention disclosed herein. 
It is intended that the specification and examples be considered as exemplary 
only. 



